Abstract: The present 
and then finally with water bath at 37 o C. The dried residue (crude extract) was then stored at 4 o C. Aliquot portion of the crude plant extract residue was weighed and dissolved in distilled water for use on each day of experiment.
Apparatus
During the course of the experiment, the following apparatus were used to achieve the desired results. They includes Rotary evaporator, water bath, measuring cylinder, beakers, filter paper, cotton wool, funnel, weighing balance, spectrophotometer, cuvette, centrifuge, test tubes, stopwatch, syringes, spatula.
Chemicals
Absolute ethanol, Dimethylnitrosamine (DMN), Sodium hydroxide Solution. DMN used in this work was synthesized in a fume chamber at the Department of Biochemistry, University of Ibadan, Oyo state, Nigeria, according to the method of Vogel [22] .
Experimental animals
Twenty six male albino wistar rats that weighed between 155 -205g gotten from Edo state, Nigeria were used for the experiment. The animals approved by Benson Idahosa University Ethical Committee in accordance with "Principles of Laboratory Animal Care" were kept in Biochemistry Departments' animal house. The condition of the animal house was of standard and appropriate cleaning was ensured.
Administration of plant extract and toxicant
A total of twenty six male wistar rats were specifically assigned into one of the following groups:  Control rats received normal saline.  Rats in group 3 and 4 were administered 400mg/kg of Annona muricata for 7 days  Rats in group 2 and 4 received a single oral dose of 12mg/kg DMN on day 8. DMN was prepared using physiological saline.
Blood collection
At day 10 of experiment, rats from each group were weighed and sacrificed by cervical dislocation. Blood samples were obtained through heart puncture for hematological and liver function analysis. Blood for hematology was collected using EDTA bottles. Blood samples for liver function analysis were taken into centrifuge tube with rubber caps, labeled and centrifuged at 3000 rpm for 15 min.
Biochemical analysis
Serum AST was determined by the method of Reitman and Frankel [23] . Serum total protein and albumin were analyzed using the biuret and bromocresol green methods, respectively. In both cases, commercially available test kits, products of Randox laboratories, U.K. were used and with the manufacturers instructions strictly adhered to. The globulin concentration was calculated by subtracting the albumin concentration from the total protein concentration. Serum total cholesterol was measured using commercial enzyme assay kits (Randox laboraties, U.K).
Hematological parameters like haemoglobin (Hb), Packed cell volume (PCV), red blood cells (RBC), white blood cells (WBC) and platelet were monitored using Hemavet 850 (CDC technologies, oxford, CT) at the University of Benin teaching hospital.
Statistical Analysis
Results are reported as mean ± standard deviation (SD). Statistical analysis was performed using oneway analysis of variance (ANOVA). The value of p ˂ 0.05 was considered as statistically significant.
III. Results
Administration of single dose of 12 mg/kg body weight of DMN to wistar rats produced significant changes in the biochemical parameters when compared to the control group. ALT and total cholesterol were significantly elevated (P < 0.05), while the serum total protein, globulin and albumin levels were reduced in the DMN-treated rats as compared to the control group (Tables 1). However pretreatment of the rats with 400mg/kg Annona muricata ethanolic leaf extract produced a significant reduction in the levels of ALT and total cholesterol as well as significant increase in the levels of total protein, globulin and albumin compared to values in the DMN alone treated group. DMN treatment also significantly decreased WBCs, platelet, haemoglobin, RBCs, and PCV in DMN alone treated group compared to other groups (Table 2) . However, Annona muricata pretreatment significantly mitigated the induced changes in hematological parameters. 
IV. Discussion
Liver disease and toxicity is common, especially with many drug treatments. Serum activities of AST and ALT are the most commonly used biochemical markers of liver injuries. Level of ALT, a marker enzyme of liver injury increased significantly in the DMN alone group after DMN administration (p˂0.05) compared to normal control and extract pretreated groups (Table 4 .1). The increase in activities of ALT, a liver marker enzyme in the serum of DMN alone induced rats indicates damage to hepatic cells. The abnormal high level of serum ALT in this study is a consequence of DMN-induced liver dysfunction. The increase in serum level of AST and ALT have been attributed to the damaged structural integrity of the liver. This is because they are cytoplasmic in their location and are released into circulation after cellular damage [24] . The result of this study however demonstrated that pretreatment with ethanolic leaf extract of Annona muricata significantly caused a decrease in serum ALT in comparison to DMN alone group. Thus the extract protected the hepatocytes from DMN-induced injuries. The stabilization of transaminases denotes the renewal of the normal hepatic activity. The efficacy of any hepatoprotective drug is dependent on its capacity of either reducing the harmful effect or restoring the normal hepatic physiology that has been distributed by a hepatotoxin. Annona muricata ethanolic leaf extract decreased (p < 0.05) DMN-induced elevated ALT levels in tested groups, indicating the protection of structural integrity of hepatocytic cell membrane or regeneration of damaged liver cells [25] .
Lipids are the most important cellular entities which are not only the constituents of cell membrane but also involved in many cellular functions, metabolic processes and are vital for energy production. Liver is the organ involved in the synthesis of lipoproteins and metabolism of cholesterol. Honma and Sudha, [26] reported that the changes in plasma lipids level could be sensitive and serve as a simple marker for assessing liver disorders. The results of the present study have established that, the DMN treatment could have affected the lipid metabolism of liver cholesterol levels. This is evidenced from the present observations that, DMN caused a significant (p < 0.05) increase in the levels of total cholesterol (Table 1) . It can be assumed that hypercholesterolemia in DMN intoxicated rats was resulted from damage of hepatic parenchymal cells that lead to disturbance of lipid metabolism in liver [27] . The elevated level of serum cholesterol in DMN alone group may be attributed to increase in the concentration of acetyl CoA arising probably from enhanced β-oxidation of fatty acid [28] . However, rats pretreated with Annona muricata ethanolic leaf extract showed a significant (p < 0.05) decline in cholesterol values compared to DMN-intoxicated alone rats. The mechanism of lipid lowering effects of Annona muricata extract might be attributed to an inhibitory activity on microsomal acyl coenzyme A: cholesterol acyltransferease in vitro. This enzyme is responsible for acylation of cholesterol to cholesterol esters in liver [29] .
Proteins are important organic constituents of the animal cells playing a vital role in the process of interactions between intra and extra cellular media. Being a part of cell membrane and as an enzyme, protein participates in the intricately balanced subcellular fractions. The depletion in the protein levels might be because of their metabolism to liberate energy during toxicity. Protein plays a major role in the synthesis of microsomal detoxifying enzymes and helps to detoxify the toxicants, which enter into the animal body [30] . The liver not only synthesizes the proteins for its needs but produces numerous export proteins. Among these proteins, serum albumin is the most important. Albumin is quantitatively the most important soluble plasma protein. It plays various important biological roles including maintenance of plasma oncotic pressure [31] . Due to its ability to bind reversibly, it act as a transporter protein for many endogenous and exogenous compounds including various hormones, non-steroidal anti-inflammatory drugs; maintenance of intravascular volume and capillary permeability, removal of potentially toxic compounds and dissociation of free radicals, along with neutrophil activation and adhesion [32] [33] [34] . Albumin is produced entirely in the liver and is of great importance in regulating the flow of water between the plasma and tissue fluid by its effect on colloid osmotic pressure. In this study, DMN induced liver damage in rats which is indicated by the decrease in levels of serum albumin, total protein and globulin (Table 1) . However, pretreatment of rats with Annona muricata ethanolic leaf extract effectively protected the rats against DMN-induced hepatotoxicity as evidenced by the increase in contents of total protein, albumin and globulin. The decrease in serum total protein observed in DMN alone treated group (Table 4 .1) may be associated with the decrease in the number of hepatocytes which in turn may have led to the decreased hepatic capacity to synthesize protein [35] but the restoration of the level of serum total protein and albumin upon pretreatment of Annona muricata ethanolic leaf extract is a reflection of the hepatoprotective nature of this plant. The decrease in serum total protein in DMN alone group agrees with George [36] , that decrease in serum protein in hepatotoxicity states simply indicates the presence of para proteins or decreased antibody production. A drop in serum albumin level is usually the result of deceased protein synthesis by the liver or increased protein loss through the gut or the kidney. Other possible cause of decrease in albumin may include malabsorption and increased protein need secondary to infection.
The observed protective effect of the plant extract against DMN may be attributed to the presence of acetogenins, flavonoids, tannins, ascorbic acid and phenols among the plant constituents [37] [38] [39] [40] . Flavonoids are known to be antioxidants, free radical scavengers and antilipoperoxidant leading to hepatoprotection. The mechanism by which Annona muricata exerts protection against DMN-induced alterations in the liver may be due to the antioxidative and acetogeninic effect of the plants extract. In this study, we observed that pretreatment of 400mg/kg b.w of ethanolic leaf extract of Annona muricata to rats decreased the DMN-induced elevated ALT and total cholesterol as well as increased DMN-induced depressed total protein, globulin and albumin level in the treated groups. This suggests the maintenance of structural integrity of the hepatocytic cell membrane or regeneration of damage liver cells by the extract.
Hematological parameters generally provide information on inflammation, necrosis, various infections of visceral organs and the presence of stress factors [41] [42] [43] . White blood cells (WBCs), or leukocytes, play the main role in immune responses. These cells carry out the many tasks required to protect the body against disease-causing microbes and abnormal cells. Some types of leukocytes patrol the circulation, seeking foreign invaders and diseased, damaged, or dead cells. These WBCs provide a general-or nonspecific-level of immune protection [44] [45] . Serum proteins have many functions, including the transport of other substances, immune defense, blood clotting, and inflammation defense. In the present study, DMN decreased the WBCs, Platelets, Red blood cells (RBCs), packed cell volume (PCV), and Hemoglobin (Hb) in DMN alone treated group compared to control and extract pretreated groups. The significant reductions in the WBCs and possibly lymphocytes in DMN alone group (Table 2) would predispose the animals to reduced immunological responses to infections. Pretreatment with 400mg/kg Annona muricata significantly enhanced the WBCs, platelets, PCV, RBCs and Hemoglobin (Table 2 ). This indicates that Annona muricata improves immunity function and decrease inflammation. Studies has shown that decrease in WBC count could be as a result of bone marrow deficiency or failure due to infection, cancer treating drugs that damage the bone marrow, disease of the liver or spleen. It had been reported that a significant decrease in the WBCs of the blood indicates a decline in the production of the defensive mechanism to combat infections, a situation which would naturally make the animal more susceptible to various physiological stress resulting in diseases, greater mortality and poor growth [46] . The significant reductions in the haemoglobin, PCV and RBCs contents of the blood of DMN alone group (Table 2) is an indication that the oxygen carrying capacity of the animals' blood would be reduced [47] . Anemia is defined as a reduction in the haemoglobin concentration of the blood [48] . Reduction in the haemoglobin may be accompanied by a fall in RBC and PCV [48] . The major function of the RBCs is to transport haemoglobin, which in turn carries oxygen from the lungs to the tissues [49] . Very low readings for RBC, heamoglobin and hematocrit can indicate anemia. Lower-than-normal hemoglobin may be due to anemia (various types), bleeding, destruction of RBCs, leukemia etc. Furthermore, when the platelets count is low as observed for the rats in DMN alone group (Table 2) , clot retraction is deficient and there is poor constriction of ruptured vessels. The resulting clinical syndrome (thrombocytopenic purpura) is characterized by easy bruisability and multiple subcutaneous hemorrhages [50] . Therefore, the significant reduction in the platelets of the blood of DMN alone group is an indication that they may not be able to cope with blood coagulation as effectively as the rats in the control or in the Annona muricata extract pretreated groups. Lower -than -normal PCV may be sign of anemia, bleeding, destruction of red blood cells, leukemia, malnutrition, nutritional deficiencies of iron, folate, vitamin B 12 , and vitamin B 6 , over hydration [51] .
Annona muricata is known to have wide therapeutic applications in folk medicine and scientific advancement has provided substantial evidence to support most of its medicinal claims. The present in vivo study has further demonstrated the hepatoprotective potential of this plant. In this study hepatocellular damage induced by dimethylnitrosamine (DMN) intoxication in rat was established based on significant increase in ALT and total cholesterol, significant decrease (P<0.05) in total protein level, albumin, globulin, PCV, hemoglobin, WBCs, RBCs and platelets in the DMN alone group compared to the normal control group.
In conclusion, the present results demonstrate that Annona muricata leaves play an important role in the protection against dimethylnitrosamine (DMN)-induced hepatotoxicity, by improving the activities of ALT, total cholesterol, total protein, albumin, globulin and hematological parameters. Therefore, Annona muricata may be used to protect against toxic effects of DMN and other chemical agents in liver. In the future, examination of the protective effect of Annona muricata ethanolic leaf extract against DMN in dose dependant manner could be investigated.
